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ABSTRACT: 

PURPOSE: To realize a fuel cell of high performance with small internal 
resistance by setting porosity of a part into contact larger than porosity of a 
part not into contact with an electrolytic layer of a conductive hollow flat 
plate used in a solid electrolyte fuel cell. 

CONSTITUTION: In a conductive hollow flat plate for constituting a flat 
plate type electrode substrate having through ports 30-3 in the inside formed 
of electrode material, a part 30-1 of enriching porosity and a part 30-2 of 
enriching minuteness are provided in a supporter 30. A layer of an electrolyte 
21 and a fuel pole 22 is formed by flame spraying method in a surface of the 
part 30-1, to obtain a single cell. In an opposite side surface, a collector 
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layer 23 is formed by flame spraying lanthanum chromite, and in the other part, 
a fine protecting layer 24 of alumina is formed. Thus by reducing passing 
resistance of gas in a part of high porosity and improving conductivity due to 
low porosity in a part unnecessary for gas to flow, a fuel cell of excellent 
performance on the whole can be economically manufactured. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the conductive hollow which constitutes the monotonous type electrode substrate which is produced from an 
electrode material and has a penetration mouth inside ~ the conductive hollow plate used for the solid-electrolyte-fuel- 
cell single cell which comes to carry out the laminating of an electrolyte layer and the electrode layer to monotonous 
one side - setting - this hollow - the conductive uneven hollow characterized by the porosity of the portion in contact 
with the monotonous electrolyte layer being larger than the porosity of the portion which does not touch an electrolyte 
layer - monotonous 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the conductive hollow plate used as the support plate of the single cell 
of a solid electrolyte fuel cell, and relates to the conductive hollow plate which can realize a highly efficient solid 
electrolyte fuel cell with little internal resistance especially. 
[0002] 

[Description of the Prior Art] By supplying oxygen gas and air to an air pole side, and supplying hydrogen gas etc. to a 
fuel-electrode side on the basis of the structure which has arranged the air pole and the fuel electrode on both sides of 
the solid electrolyte in which a solid electrolyte fuel cell (it is called SOFC for short below Solid Oxide Fuel Cell;) has 
the conductivity of oxygen ion, oxygen ion conducts a solid electrolyte, reacts with hydrogen gas, and is generating 
electricity by taking out the current accompanying this reaction from each electrode. Therefore, while the solid 
electrolyte is excellent in the conductivity of oxygen ion, transparency of oxygen or hydrogen gas can be prevented and 
to be a precise film is demanded. However, the conductivity of a solid electrolyte needs to use the film of a solid 
electrolyte as an about 50-100-micrometer thin film, in order to stop the voltage drop at the time of taking out the 
current acquired by power generation, since it is small compared with other components also in 1000 degrees C. On the 
other hand, each electrode is required to consider as porosity so that each gas can reach the contact section of a solid 
electrolyte and an electrode easily. Thus, a solid electrolyte needs to consider as a precise thin film, and needs to form a 
porous electrode in the both sides of this solid electrolyte film. 

[0003] however, since the cell of such a diaphragm structure has mechanical inadequate intensity, it is shown in the 
conventional example of drawing 1 practical - as - the matter inactive at porosity, for example, a calcia stabilized 
zirconia, — since the becoming pipe 13 is made into a base material, and the method which forms the thin film of an 
air pole 3, a solid electrolyte 2, and a fuel electrode 4 in piles on this is proposed (Westinghouse Electric Corp.) 
However, it sets to this method and is current at the time of power generation. I As shown in drawing, in order to flow 
in the cell which adjoins [ be / under / thin film / of an electrode ] passing / it ], it became what cannot disregard the 
voltage drop in this portion, and there was a problem that sufficient power generation property was not necessarily 
acquired. Moreover, since the cylinder-like porosity pipe was used as a base material and the power generation section 
was constituted combining two or more single cells, there was also a problem that the capacity which the space section 
internal and external [ cylindrical ] occupies became large, consequently the capacity of the whole power generation 
section became large. 

[0004] in order to improve the trouble which the conventional technology which was expressed above has, this 
invention person etc. makes material of a base material air pole material previously, in order to decrease the gas hold up 
at the time of carrying out a laminating, makes a configuration the shape of hollow which prepared two or more 
connection sections between the plates of two sheets, and forms the power generation section in this front face — the 
method was proposed (publication-number 5-36417) This proposal is the cell of structure as shown in drawin g 2 , and 
(a) is the external view ((b) a). It is drawing having shown the B-B' cross section. In this unit power generation cell 20, 
by air pole material, the hollow-like base material 25 which has two or more penetration mouths 25-1 by the shape of 
sheet metal is produced, each class of a solid electrolyte 21 and a fuel electrode 22 is formed in the front face, and the 
current collection layer 23 is formed in the front face of the opposite side of a fuel electrode 22. Two or more fuel 
electrodes 22 formed in a solid electrolyte 21 and its upper surface are arranged as a configuration which becomes 
oblong in the direction which intersects the penetration mouth 25-1. Moreover, a collector 23 is formed so that the 
whole simultaneously surface of a base material 25 may be worn to the opposite side of the fuel electrode 22. Here, it 
produces using LaSrMn03 usually used as an air pole material, each each class of a solid electrolyte 21 or the fuel 
electrode 22 is produced by the spraying process, and, for the layer of a solid electrolyte 21, a yttria stable zirconia (a 
yttria content is eight-mol % and an abbreviated name YSZ) and the fuel electrode 22 are [ a base material 25 ]. NiO 
YSZ It produces in thickness of 50-200 micrometers using the cermet formed in the end of mixed powder, respectively. 



Moreover, the current collection layer 23 prepared in the field of the opposite side of the layer of a solid electrolyte 21 
is also a spraying process, nickel-aluminum 203 The layer of LaCr03 is formed. Moreover, in order to prevent 
transparency of gas as occasion demands, the precise surface-protection layer 24 is formed in the portion which does 
not prepare these layers with an alumina etc. 
[0005] 

[Problem(s) to be Solved by the Invention] However, since the gas corresponding to the electrode used as the material 
of a base material will flow the penetration mouth 25-1 in a base material with the above composition, although gas- 
seal nature is securable only by securing the airtightness of the gas in the both ends of a base material In this case, 
while the base material which consists of an electrode material supports a single cell, it is necessary to also bear the 
pressure force at the time of carrying out the series connection of two or more cells, and a certain amount of mechanical 
strength is needed. Since not only reservation of such intensity but the base material needed to pass current for gas in 
the through thickness direction inside, while, suppressing the increase in passage resistance of such gas on the other 
hand, the electric resistance of the support plate itself also needed to be suppressed as much as possible. Moreover, an 
important thing is YSZ. It is that supply of gas on the formed front face is fully performed, and, for that, it is required 
for the portion to be rich in porosity. This method SOFC Although there is an extrusion-molding method as the 
manufacture method of a base material which is used, by this method, that from which the whole Plastic solid became 
uniform physical properties is produced, and if porosity required for a reaction is thought as important and a base 
material is formed, the whole Plastic solid will become what was rich in porosity. 

[0006] Although the value around 30% is demanded as porosity of an electrode, since porosity is related and the 
intensity of a sintered compact generally falls along with the increase in porosity, if a base material with such porosity 
is produced, the mechanical intensity of the base material will become a low thing. Although it was possible to increase 
the thickness of a base material in order to compensate shortage of such intensity, and the electric resistance of a board 
used increase and the hollow substrate when the thickness of a board was made to increase, there was a serious fault 
that the property of a single cell could not fully be demonstrated. 

[0007] That is, although the sheet metal in which the solid electrolyte was formed is a portion which acts as an 
electrode and porosity is required for it, since what is necessary is to act only as a current carrying part and the grant 
section of reservation of a mechanical strength about portions other than this, while giving high conductivity as a 
precise sintered compact, it is possible [ it ] to also make intensity of a board high. Method which used the hollow 
board when such measures were taken SOFC Although the power generation property improved, the manufacture 
method of an uneven hollow board that porosity differed partially in this way was not established until now. 
[0008] The purpose of this invention is to solve the technical problem which the above-mentioned conventional 
technology had, and offer the conductive hollow plate which can realize a highly efficient solid electrolyte fuel cell 
with little internal resistance. 
[0009] 

[Means for Solving the Problem] In the conductive hollow plate used for the solid-electrolyte-fuel-cell single cell 
which comes to carry out the laminating of an electrolyte layer and the electrode layer to one side of the conductive 
hollow plate which constitutes the monotonous type electrode substrate which the above-mentioned purpose is 
produced from an electrode material, and has a penetration mouth inside It can attain by considering as the conductive 
uneven hollow plate characterized by the porosity of the portion in contact with the electrolyte layer of this hollow 
plate being larger than the porosity of the portion which does not touch an electrolyte layer. In addition, it can obtain 
easily by the laminating of a tape cast object and sintering which were formed from the slurry prepared so that the 
above-mentioned hollow plate might serve as a porous body in one side and might serve as a precise object in another 
side. 
[0010] 

[Function] The conventional cylindrical hanger tube is used. SOFC The laminating of a solid electrolyte thin film, each 
electrode, etc. was carried out on the porosity, tube. There were the following troubles in such cylindrical, (b) since 
power generation current flows the inside of an electrode along a field and the path of current becomes long — internal 
resistance ~ **** — the bird clapper which it hears, and (b) Since a base material is a cylinder, when two or more these 
are connected, the power generation section should become large and a limitation should arise in power density. 
[001 1] In order to solve such a fault, the base material was produced by the electrode material, and the method which 
forms the power generation section in this front face by making the configuration of a base material hollow plate-like 
was proposed, consequently current came to flow perpendicularly to the electrode, the flow of the longitudinal direction 
in the electrode of current which was seen by cylindrical [ conventional ] could be prevented, and the improvement of 
an electric discharge property and the miniaturization of the power generation section were attained. However, such a 
hollow plate-like base material is conventionally produced with material with the whole uniform physical properties, 
and production of the support plate which made only the power generation section formation section porosity which 



has an effect in the improvement in a performance of the cell of this method was not performed. 

[0012] on the other hand, the conductive uneven hollow of this invention structure - by supposing that it is 

monotonous, all the troubles that the above-mentioned conventional technology had are canceled, the hollow plate from 

which porosity differs partially can be produced easily and economically, and there is little internal resistance by this -- 

highly efficient SOFC It is realizable. 

[0013] 

[Example] Hereafter, an example explains the conductive uneven hollow plate of this invention concretely. 
[0014] The structure of the air pole substrate of the shape of hollow of this invention is shown in drawing 3 . Here, 30 
is a base material and 30-1 . The portion and 30-2 which were rich in porosity The portion and 30-3 which were rich in 
compactness A penetration mourn is shown. The layer of an electrolyte 21 and a fuel electrode 22 was formed in the 
front face of the portion 30-1 which was rich in the porosity of such a hollow-like plate, and the single cell was 
produced. Formation of these layers was performed by the spraying process like the case of the conventional 
technology. Moreover, thermal spraying of the lanthanum chromite was carried out to the opposite side of an 
electrolyte forming face, and the current collection layer 23 was formed. Moreover, in addition to the portion in which 
these thin films were formed, the precise surface-protection layer 24 was formed with the alumina. The cross section of 
the single cell produced to drawin g 5 using the hollow-like air pole substrate by this invention is shown. 
[0015] Next, the production procedure of the above-mentioned hollow-like plate is explained. In this example, YMn03 
(0<=X<=0.6, 0<=Y<=0.2) which has the perovskite structure currently generally widely used as an air pole material 
(Lal-XSrX) is taken up, and it forms out of this. La0.8Sr0.2MnO3 and La0.9Sr0.1MnO3, and the raw material powder 
of 1-3 micrometers of mean particle diameters were used. Moreover, the hollow-like body was obtained by sintering 
the green object which carried out heat weld of the sheet Plastic solid using the method of carrying out heat weld as a 
method of producing a hollow plate. The sheet Plastic solid was produced by the doctor blade method, and prepared the 
slurry required for this with the following mixing ratio (weight). 
[0016] 

Raw material powder 100 binders Ten to 15 plasticizer Five to 10 solvent As the above-mentioned binder which is 200, 
isobutyl alcohol was used as phthalic-acid butyl and a solvent as a polyvinyl butyral and a plasticizer. Here, since the 
surface area would also change and a difference would arise in the character of a slurry by the same amount used if the 
particle size of raw material powder differs, the range was prepared in the amount of a binder, and the amount of a 
plasticizer for adjusting this appropriately. In addition, according to the character of a slurry, little addition of a 
dispersant and the defoaming agent was carried out. After agitating such mixture with a ball mill for about 24 to 48 
hours, it deaerated under reduced pressure, viscosity was adjusted, and the sheet Plastic solid was obtained with doctor 
blade equipment after this. 

[0017] Thus, degreased in about 400 degrees C, the produced Plastic solid was made to sinter at 1200-1400 degrees C 
after this, and the sintering property was searched for. As an example, the sintering property at the time of making it 
sinter at each temperature for 2 hours is shown in drawin g 4 . Although the contraction is related to sintering 
temperature and the particle size of raw material powder and such big contraction that sintering temperature is high is 
shown, there is an inclination converged on a fixed value in the field more than a certain temperature (a). Depending on 
the particle size of raw material powder, as for the value to converge, a contraction becomes [ the one where particle 
size is smaller ] large. On the other hand, when the relation between a contraction and the density of a sintered compact 
is seen, a linear relation understands a bird clapper for these mostly (b). 

[0018] On the other hand, it has the same contraction property as these, and in order to obtain the sintered compact into 
which only density was changed, the carbon-powder end of the specified quantity was made to mix into the slurry used 
by the doctor blade method. It is powder with a particle size of 1-3 micrometers, and the addition was made into 10-30 
% of the weight to raw material powder the end of a carbon powder it adds. The slurry was prepared by the same 
method as the above, sheet fabrication was performed, and the sintering property was searched for. Although a 
contraction was hardly influenced by carbonaceous addition, the density of a sintered compact was changeable with 
carbonaceous addition. By carbonaceous addition, density was able to fall and was able to aim at improvement in the 
porosity of a sintered compact. 

[0019] Next, after cutting the sheet Plastic solid obtained above in a predetermined size, it heated and pressurized and 
the sheet weld object which has hollow- like appearance was produced. In addition, although heating / pressurization 
conditions at this time needed to be changed by the softness of a sheet, it carried out in general within the condition of 
70-80 degrees C and 30 - 70 kg/cm2. The carbon mixing sheet has been arranged in the field which forms an 
electrolyte, and the configuration of a hollow object was able to be made into arbitrary forms by choosing the 
configuration of the sheet put on each class. In addition, it is the contraction of the sheet Plastic solid at the time of 
sintering which should be taken into consideration in this case, and it produced the weld object so that it might count 
upon such contraction and might become the sintered compact of a predetermined size. Specifically, as shown in 



drawin g 6 , the weld object (c) of a hollow-like plate was produced for the carbon mixing sheet (a) in piles in a sheet 
and the middle connection section (b). Thus, one side was able to produce with porosity the weld object of a hollow- 
like plate with which other fields and middle connection sections were rich in compactness. Thus, it degreased in 400 
degrees C, the welded hollow plate was sintered at 1300 degrees C after this, and the hollow plate-like substrate was 
produced. As a size of a hollow plate, 100x150mm and the about [ thickness 5mm ] thing were producible. 
[0020] In addition, since advance of sintering is influenced with the particle size of the raw material powder to be used, 
and the addition of a binder and a plasticizer, in consideration of these influences, temperature and time are suitably 
selected according to a use raw material. Since the raw material with a small particle size had the large surface area and 
sintering began from the low-temperature field, it calcinated on condition that low temperature and a short time (for 
example, 1250 degrees C, 2 hours). Thus, the sintered compact which made the porosity of the porous section 30% 
order by selecting baking conditions suitably and calcinating them according to additions, such as raw material powder 
and a binder, was obtained, and the porosity of the portion which was rich in compactness became 5 - 10% order at this 
time. In addition, the conductivity of an oxidizer pole was influenced by porosity and the conductivity (1000 degrees 
C) of the net of this sintered compact was as follows. 
[0021] 

The porous section Conductivity (1000 degrees C) 100 S/cm precise section Same as the above The conductive uneven 
hollow plate of a 150 - 200 S/cm this invention was used. SOFC It is the former if in charge of operation. SOFC The 
single cell was installed in the bottom of temperature conditions, such as 1000 etc. degrees C, like the case, oxidizer 
gas was supplied inside the base material 25, and hydrogen gas was supplied outside. About the composition of the 
power generation module which used this single cell, and the supply method of the gas in a power generation module, 
the method shown in JP,5-36417,A can be used suitably. 
[0022] 

[Effect of the Invention] By making a conductive hollow plate into the hollow plate of this invention composition, as 
stated above, the technical problem which the conventional technology had is solved and it is SOFC. Simple production 
of the uneven hollow plate from which porosity differs partially suitable for the base material was attained. Control of 
the porosity of a sintered compact was enabled without change of a contraction by adopting a doctor blade method and 
making the end of a carbon powder specifically mix at the time of slurry manufacture. By raising porosity, passage 
resistance of gas decreases, since porosity was reduced in the portion without the need that gas flows, conductivity 
improves, and it has the performance which was excellent on the whole. SOFC It became possible to produce 
economically. 



[Translation done.] 



